INTRODUCTION
Surfactant protein B (SP-B) is a 79-residue 8-kDa protein found in mammalian lung surfactant predominantly as a disulfide linked homodimer [1] . SP-B is known to have extensive interaction with phospholipids to enhance their adsorption and dynamic film behaviour. It increases the ability of surfactant phospholipids to adsorb to the air-liquid interface and facilitates the formation of surfactant monolayers by accelerating the spreading of phospholipids and stabilizing the pulmonary alveoli [2] [3] [4] [5] [6] [7] .
A great deal of attention has been focused on the N-terminal 25 residue segment of SP-B which faithfully reproduces the functional aspects of the full-length protein [8, 9] . The primary sequence of human SP-B 1-25 is FPIPL 5 PYCWL 10 CRALI 15 KRIQA 20 MIPKG 25 . The first six residues are highly hydrophobic and form an extended conformation (possibly -sheet), residues 7-9 are irregularly structured, residues 10-22 form an amphipathic -helix, and the last three residues are random structure [10, 11] .
As part of our research program investigating the interactions between surfactant proteins and lipids, we undertook the preparation of human SP-B 1-25 by manual solid-phase peptide synthesis (SPPS) using 9-fluorenylmethoxycarbonyl (Fmoc) amino acids [12] . Fmoc SPPS is more convenient than tert-butoxycarbonyl (Boc)-SPPS because the peptide can be cleaved from the resin using relatively mild reagents (e.g. a mixture of TFA/TIS/water), whereas Boc-SPPS requires hazardous hydrogen fluoride and associated specialised equipment for cleavage [12] . It was anticipated that the Fmoc synthesis of SP-B 1-25 could be problematic because of hydrophobic domains and the presence of a readily oxidisable methionine in position 21 of the sequence. Although the synthesis of SP-B 1-25 using Boc and Fmoc strategies has been reported elsewhere, automated peptide synthesizers were used and many important experimental details were not published [11, 13, 14] . Herein we provide a cogent description of the manual Fmoc SPPS of SP-B , an example of the synthesis of a difficult readily oxidised peptide sequence. [15] and was converted to Fmoc-(FmocHmb)Leu-OH using the method of Johnson et al. [16] . Most amino acids were attached using HBTU/DIEA activation: amino acid (4 eq), HBTU (4 eq; 0.5 M HBTU in DMF), DIEA (5.3 eq). To minimise racemisation, the symmetric anhydride (4 eq) was used to couple Fmoc-Cys(Trt)-OH [17] : amino acid (8 eq) was dissolved in DCM (20 mL) and DMF (~ 15 drops) was added to ensure complete dissolution;
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the solution was cooled to 0 °C, DIC (4 eq) was added, and the solution was stirred for 30 min; the DCM was removed in vacuo and the residue was dissolved in DMF (~ 5 mL) and added to the resin; the mixture was typically shaken overnight (~ 18 h). The coupling efficiency for each amino acid was determined by the quantitative ninhydrin test [18] except for the residue immediately following a proline, which was routinely recoupled. Recoupling (a maximum of two times) was performed if the initial coupling efficiency was < 99.5%.
After coupling of the final residue, the resin was washed successively with DMF, DCM, and . Recouplings of residues 12 through 7 enabled an ultimate efficiency of ≥ 97.6%, however this was deemed unsatisfactory, especially when to achieve this value the coupling reaction sometimes had to be repeated three times, which greatly increased the financial cost and time required for the process. When this method (Synthesis A) was repeated the coupling efficiencies were almost identical to those illustrated in Figure 1 -
The poor coupling efficiency of residues 12 to 7 is probably due to aggregation resulting in poor solvation of the peptide-polymer matrix and consequently inaccessibility of the reactants and reagents to the N-terminal amino group. Although the precise nature of the aggregation is unclear, this phenomenon is often caused by self-association of the polymerbound peptide through the formation of intermolecular hydrogen bonds resulting in a betasheet secondary structure [19] . For the initial synthesis of SP-B 1-25 , the onset of aggregation occurred immediately following a sequence of hydrophobic amino acids, specifically Ala 13 -Leu 14 -Ile 15 -, and was ten residues after the addition of the last beta-sheet inhibiting proline residue (Pro 23 ). It is known that hydrophobic sequences have a high propensity to aggregate, and that tertiary amide residues such as proline inhibit such aggregation for at least six residues [20] .
The peptide was cleaved from the resin and the crude product was analysed by analytical RP-HPLC and ESIMS (Figure 2A) . The crude product contained predominantly an oxidised form of SP-B 1-25 , in which methionine 21 was oxidised to methionine sulfoxide
The thioether side-chain of methionine is highly susceptible to air oxidation [21] , and therefore effort was made during the synthesis to minimise exposure to air.
Nevertheless, partial oxidation occurred and the ratio of Met(O) 21 -SP-B 1-25 to SP-B 1-25 was ~ 2:1 (Figure 2A) .
Undoubtedly, the higher substitution value of the resin (0.85 mmol/g) exacerbated aggregation during the synthesis, and the ensuing necessity for multiple recouplings meant that exposure to air and subsequent oxidation of Met 21 was promoted. Therefore, lowloading resin was considered as a solution to these problems. A second method (Synthesis B) for the synthesis of SP-B 1-25 was trialled, utilising a low-loading Fmoc-Gly-Wang resin (0.27 mmol/g). The efficiency of the first coupling for each residue is illustrated in Figure 1 Synthesis B and initial coupling efficiency was ≥ 99.5% for all residues. Upon completion of the synthesis, a small sample of the resin (50 mg) was subjected to cleavage conditions (identical to those used for Synthesis A) and the crude product was analysed by analytical RP-HPLC and ESIMS ( Figure 2B ). This revealed that despite excellent coupling efficiencies, the crude product contained oxidised peptide with a ratio of Met(O) 21 -SP-B to SP-B 1-25 of ~ 1:1 ( Figure 2B ). Met 21 is close to the C-terminus of SP-B 1-25 and accordingly it is introduced early in the synthesis making significant exposure to air oxygen and some degree of oxidation inevitable during manual SPPS. Consequently, a method to reduce the oxidised peptide was sought. 
